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Speeding is often considered as one of the major reasons of traffic crashes. As a result,
State Departments of Transportations (DOTs) receive requests from communities to
decrease speed limits in towns along rural highways. Such requests, coupled with the lack
of proper manuals, have forced state DOTs to reduce the speed limits. A proper speed-zone
manual is required to establish consistent speed zones across a state. This paper reviewed
the literature on speed, crashes, enforcement techniques, and speed-zone manuals. A
nationwide survey was conducted to identify various factors affecting the decisions of
speed zones establishing. This paper identified best practices based on the literature review
and expert opinions, and proposed a comprehensive framework for a speed-zone manual.
The Nevada DOT traffic engineers were also interviewed during this research to incorpo-
rate their opinions in the framework. The framework provided in this paper has six phases.
They are; 1) speed-zone identification; 2) speed-limit determination; 3) transition-zone
detailed design; 4) speed-zone approval; 5) speed-limit enforcement; and 6) follow-up
study. Relevant studies, and manuals corresponding to each phases were presented in this
paper. This framework is useful for NDOT, other state DOTs within the U.S., and trans-
portation agencies worldwide that haven't had speed zone manuals currently to develop a
proper speed-zone manual.
© 2016 Periodical Offices of Chang'an University. Production and hosting by Elsevier B.V. on
behalf of Owner. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
From 1981 to 2009, traffic crashes have been the main
contributor of fatalities in the U.S. (Subramanian, 2012). The
major reasons of crashes can be divided into four main6.
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The auto industry has invested millions of dollars to develop
safety features for safer driving experiences (Toyota Motor
Sales, 2013). Some of the safety features developed and
implemented in modern vehicles include the anti-lock
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rearview cameras. In addition, the US Department of
Transportation (DOT) has been actively pursuing the concept
of connected vehicles, which could reduce up to 82% of the
crash scenarios among unimpaired drivers (United State
Department of Transportation, 2014). However, the
development of vehicle safety technologies alone is not
enough for a safer road. Human factors, roadway design,
and the roadside environment play important roles in
controlling the number of crashes that occur each year.
Although the number of traffic fatalities in Nevada had
decreased from 2006 to 2009, the number of fatal crashes per
100 million vehicle miles traveled (VMT) was higher than the
national averages during the same period (Nevada
Department of Transportation, 2012). During 2012, the
percentages of fatal, injury and property damage (PDO)
crashes occurring in Nevada were 0.45%, 36.15%, and 63.04%
respectively. Fig. 1 presents the crashes distribution with the
location type (rural and urban). It shows that while the
percentages of crashes in rural areas are about one tenth in
total crashes, PDO crashes, and injury crashes, the
percentage of fatal crashes in rural areas is more than one
third of the total. This is despite the fact that people travel
more on urban roads than on rural roads [Federal Highway
Administration (FHWA), 2000].
Before 1974, interstate highways through Nevada e as well
as Montanae did not have any speed limits (Khan et al., 2001).
Other states had maximum speed limits up to 70 mph. Due to
the 1973e1974 oil crisis, the federal government enacted a
national maximum speed limit (NMSL) of 55 mph. In 1995,
this law was repealed, allowing each state to determine and
set their own speed limits.
Speeding is often considered as one of the major factors
leading to crashes. As such, speed zoning is considered to be a
cure-all for crashes as well as other traffic-related problems
(Automobile Club of Southern California, 1998). While crash
severities increase with speed, the probability of crashes is
more dependent on differential speeds than on absolute
speeds of the vehicles (Idaho Transportation Department,
1997). The requests to reduce speed limit received by the
state DOTs indicate that the public have a perceived idea of
safety issues, which do not reflect actual issues. Therefore, a
proper set of guidelines is necessary to establish consistent
speed zones with realistic speed limits as well as to defend
against public requests to decrease speed limits arbitrarily.Fig. 1 e Crash distribution in rural and urban areas
(Nevada, 2012).A ‘speed zone’ can be defined as a stretch of highway or
roadway where the speed limit is different from other seg-
ments of the highway. However, Nevada Department of
Transportation (NDOT) does not have such a guideline or
manual. This paper presents the results of a study undertaken
to prepare a framework for developing guidelines to establish
speed zones in towns along rural highways of Nevada.2. Objective
NDOT has a procedure to conduct engineering analyses before
establishing speed limits in towns along rural highways.
However, there is no documented process for this procedure.
Such lack of documentation, along with staff turnover, can
lead to the loss of knowledge (DeLong, 2004).
The objective of the study is to prepare a framework for a
speed-zone guideline for NDOT. This guideline would be
based on current practices in NDOT, various studies related to
speed and crashes, existing speed zone guidelines and man-
uals, and expert opinions from state DOT traffic engineers.
Once the guideline is prepared, it can aid NDOT officials in
establishing and updating speed zones with consistency
throughout the state. Although this study is conducted for
NDOT, the framework prepared in this study is also useful for
other state DOTs to develop their own speed zone guidelines.3. Methodology
The study was based on the review of existing studies,
including existing speed zone manuals, a nationwide survey
of state DOT traffic engineers, and structured interviews of
NDOT traffic engineers.
3.1. Literature review
Speed-zone guidelines and manuals from various state DOTs
were reviewed, including Alaska, Kentucky, Massachusetts,
Missouri, Connecticut, and Georgia. A number of other studies
were reviewed relating to factors affecting the operating
speed, crashes and their severities, the determination of a
realistic speed limit, and various speed-reduction techniques.
3.2. Nationwide survey
A survey was prepared and revised based on feedback from
NDOT's Technical Advisory Panel (TAP). It was sent to all the
state DOTs, excluding NDOT and its objective was to deter-
mine the current best practices for establishing speed zones
and to obtain expert opinions from traffic engineers regarding
speed limits and crashes. A semi-mixed mode of the survey
was used. Respondents were contacted by email and phone.
The survey was sent out during the summer of 2012 by email,
and follow-up contacts were made through email and phone.
Representatives from 37 out of 49 state DOTs responded to the
survey, which was a 76% response rate.
Structured phone interviews were conducted with NDOT
traffic engineers. An interview guide was prepared and sent to
traffic engineers before conducting the phone interview. The
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 352e363354first objective of the interviewwas to document current NDOT
practices for establishing and updating speed zones in towns
along rural highways. The second objective of the interview
was to get their expert opinions for the new guideline.4. Literature review: The basics of speed
This section summarizes findings from the literature reviews
including speed-zonemanuals from state DOTs, results of the
survey, and interviews with NDOT traffic engineers.Table 1 e Factors affecting the operating speed.
Road characteristics
Lateral road characteristics
Lane width
Paved shoulder width
Total number of lanes
Presence of median
Lateral clearance
Horizontal curve
Presence of the curve
Radius of the curve
Curve length
Deflection angle
Other longitudinal road characteristics
Straight sectional length
Gradient
Length of the grade
Alignment
Sight distance
Roadside environment
Roadside infrastructure
Number of intersections
Presence of road sign
Presence of traffic signals
Roadside development
Built-up areas
Land use
Human factors
Drive age
Driver capability
Public attitude
Enforcement
Vehicle factors
Vehicle types
Presence of bikes
Presence of pedestrians
Other factors
Pavement conditions
Posted speed limit
Traffic volume4.1. Design speed, operating speed, and speed limits
Over time, the definition of design speed has changed from “…
the maximum speed that can be maintained over a specific
section of highway when conditions are so favorable that the
design features of the highway govern …” (AASHTO, 1994) to
“… a selected speed used to determine the various geometric
design features of the roadway …” (AASHTO, 2011). The
selected speed can be considered as an expected operating
speed, which is defined as “… the speed at which drivers are
observed operating their vehicles during free-flow
conditions.” (AASHTO, 2011). There has been a clear shift of
the definition from being the maximum drivable speed to an
arbitrary number for designing the road geometry. Operating
speed is the speed at which the drivers actually are driving
on the road. Conservatively, the difference between the
design speed and the operating speed can be considered as
the effect of the factor of safety used in the calculations.
A speed limit acceptable to all parties (drivers, residents,
legislators, and enforcement officers) is determined by taking
favorable weather and prevailing traffic conditions into
consideration (AASHTO, 1994). According to the Idaho
Transportation Department (ITD), some transportation
professions have cited the design speed as a limiting factor
for determining a maximum speed limit (Idaho
Transportation Department, 1997). However, determination
of speed limits for realistic speed zones should not be
associated with the design speeds of the road. The design
speed is selected to determine the geometry of a roadway.
However, a speed limit should be determined based on the
prevailing speeds of freely-flowing vehicles. This is based on
a fundamental concept that the majority of motorists drive
at a reasonably safe and prudent speed for existing roadway
and roadside conditions. This results in voluntary
compliance of the posted speed limit.
For changes in speed limits, the Institute of Transportation
Engineers (ITE, 1993) suggested that an unbiased engineering
study was needed to examine the following conditions:
roadside development, road and shoulder characteristics,
pedestrian and bicycle activities, speed limits on adjoining
road segments, crash experience or potential, and
population density. Najjar et al. (2000) suggested that most
motorists tended to drive at a speed that depended upon the
roadway conditions rather than the speed limit. Hence,
setting an unrealistically low speed limit is likely to result in
more variations in speed and more crashes. Dudek and
Ullman (1987) found that a reduction in speed limits had adetrimental effect on driver compliance to speed limits,
which was true for both local and non-local drivers.
Reduction in the differences between those three speed
limits will reduce the variation of speed of vehicles in a traffic
stream. The variation of vehicle speeds is considered more
important in reducing the crashes than the absolute speed of
the vehicles (Idaho Transportation Department, 1997). The
85th percentile (of operating) speed is the most important
factor considered by state DOTs in determining the speed
limits for speed zones.
An understanding of the operating speed is necessary to
determine a realistic speed limit. As such, a number of studies
have been conducted to identify the effect of various factors
affecting the operating speeds (Cooper et al., 1980; Cruzado
and Donnell, 2010; Esposito et al., 2011; European Transport
Safety Council, 1995; Fildes et al., 1991; Fitzpatrick et al., 2001;
Jarvis and Hoban, 1988; Tignor and Warren, 1990; van der
Horst and Ridder, 2007; Warren, 1982; Wisconsin Trans-
portation Information Center, 1999). The factors identified in
these studies are presented in Table 1.
Fig. 2 e Framework for establishing and updating speed zones.
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The relationship among speed limits, crashes, and crash se-
veritieshavebeenwidely studiedanddocumented (Agent et al.,
1998; Haselton et al., 2002; Kockelman and Bottom, 2006;Malyshkina andMannering, 2008; Raju et al., 1998; Renski et al.,
1999;ThorntonandLyles, 1996; TransportationResearchBoard,
1984; Wisconsin Transportation Information Center, 1999;
Zahabi et al., 2011). These studies have analyzed the crash
patterns in various types of highway and roadway segments,
Table 2 e Top factors influencing speed zone
establishment.
Factors Response
count
Percentage
Prevalent traffic speed 34 92
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 352e363356and compared the crash patterns under similar segments. The
results of these studies have varied due to obvious differences
in the characteristics of the roads, roadside environments, and
human factors in each location. For example, some studies
have found that the speed limits did not have a significant
relationship with the frequency or severity of crashes, while
others have found a significant relationship between speed
limit and the severity of crashes. Others have found that a
higher speed limit didnot necessarily increase the frequency of
crashes, but did affect the crash severity.
4.3. Speed zone guidelines, manuals, and statutes to
determine speed limits
The guidelines used by various state DOTs were based on the
rule of majority (Institute of Transportation Engineers, 2004).
Generally, the 85th percentile speed was the agreed-upon
measure of the prevailing speed when speed limits for speed
zones were determined (Alaska Department of
Transportation and Facilities, 2000; California Department of
Transportation, 2012; Wisconsin Transportation Information
Center, 1999). The amount of detail presented in the speed
zone guidelines and manuals varied. Some state DOTs
documented methods to take into account such factors as
road characteristics, roadside characteristics, and crash
histories for reducing speed limits. Other state DOTs
provided the freedom to make necessary changes based on
the traffic engineer's engineering judgment and experience.
Some DOTs had concise guidelines that focused only on how
to determine speed limits for speed zones. Other manuals
provided much broader information, from procedures to
selecting a site for speed zoning, to how speed zones would
be approved.
Nevada Revised Statutes (NRS) includes three chapters
related to traffic speed limits: Traffic Laws NRS-484, Traffic
Laws Generally NRS-484A, and Rules of the Road NRS-484B
(Nevada Legislature, 2011, 2013a, 2013b). The purpose of those
chapters were to “… establish traffic laws which are uniform
throughout the State of Nevada …” and to “… minimize the
difference between the traffic laws of the State of Nevada and
those of other states.” This statute allows the NDOT to pre-
scribe and eliminate speed zones after necessary studies have
been made. The three speed limits set by the NRS are:
 A maximum speed limit of 75 mph
 A speed limit of 15 mph for school zones
 A speed limit of 25 mph for school crossing zones
In 2013, themaximum speed limit of 75mphwas increased
to 85 mph (Vogel, 2013). Although the statute-enforced
maximum speed limits are followed throughout Nevada,
there is no guideline for consistent speed limits for speed
zones throughout the state.
(usually 85th percentile)
Crash history 27 73
Road geometry 22 59
Roadside environment 22 59
Political and public influence 13 35
Pedestrian and bicycle 10 27
Access road count/density 9 24
Legislation/directives/statutes 6 165. Framework of speed zone guidelines
The framework developed for establishing and updating the
speed zones is presented in Fig. 2. The whole framework can
be divided into six phases:1. Speed-zone identification
2. Speed-limit determination
3. Speed-zone detailed design
4. Speed-zone approval
5. Speed-limit enforcement
6. Follow-up study
Based on the phone interviews of NDOT traffic engineers
and literature reviews, the speed-zone study can be initiated
for three main reasons:
1) Requests from the public or local jurisdictions.
2) A significant change in the driving environment, such as:
a) Addition or elimination of driveways
b) Changes in the travel lanes number
c) Significant residential development
d) Significant commercial development
3) Review of speed zones after a certain year; typically, five to
10 years, as currently practiced by state DOTs.5.1. Phase 1: Speed-zone identification
State DOT representatives mentioned 167 factors that influ-
ence a decision to establish a speed zone in rural highways.
Out of those, 143 factors were categorized into eight cate-
gories. These factors and the response counts are presented in
Table 2. The results from the survey indicated that the driving
environment as well as requests from the public were major
factors that influenced decisions when a speed zone was
established. In addition, all the state DOTs but one who
responded to the survey received requests to update speed-
zone features, such as the speed limit.
At NDOT, the district first conducts informal speed studies
to check the need for establishing a speed zone or changing
the characteristics of a speed zone, such as a speed limit. If
further study is deemed warranted, a request is sent to NDOT
headquarters in Carson City. After that, the speed-study crew
from the headquarters conducts a more extensive study. Be-
sides spot-speed studies, when a new speed zone is estab-
lished or an existing one is updated, factors such as crash
data, geometric features of the road, and site maps showing
roadside features and development are considered.
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 352e363 3575.2. Phase 2: Speed-limit determination
Determining a realistic speed limit is the most important
aspect of establishing or updating speed zones. Speed Zoning
Information: A Case of “Majority Rule”, published by Institute
of Transportation Engineers (2004) is the most popular
publication among the state DOTs for setting up the speed
limits. The rules state that the majority of people drive
safely and in a reasonable manner, and laws are to protect
people from unreasonable behaviors. As such, a realistic
speed should be based on the driving behavior of the
majority of drivers. Such realistic speed limits are easier to
enforce because they result in voluntary compliance and
more uniform speeds. It should be noted that the probability
of crashes is more dependent on differential speeds than on
absolute speeds of the vehicles (Idaho Transportation
Department, 1997). The process of determining a realistic
speed limit is presented in Fig. 3.Fig. 3 e Calculation process oSpot-speed data is themost important data to collect when
the speed limit for a speed zone is determined. Typically,
radar guns are used to record spot speeds that should be taken
under normal conditions to ensure ideal free-flow conditions
as close as possible. Some factors that need to be considered
include good weather as well as a location for the spot-speed
study that is far from intersections. In addition, the drivers
should not be aware of the ongoing spot-speed study.
When the details of the speed studies are determined,
there is a lack of standards for the number and locations of
spot-speed studies, the number of vehicles and speed-zone
sections, among other issues. For example, to get a random
sample, spot-speed studies should be conducted at different
times (e.g., a.m. and p.m.). However, none of the manuals
examined for this paper recommends any such factor,
possibly because of the extra time and resources required for
such a random sampling. Thus, there is an opportunity for
further research in this area. Some recommendations forf a realistic speed limit.
Table 3 e Recommendations for parameters during spot-speed studies, based on state DOT manuals.
Item Description
Number of spot-speed study locations One spot near the midpoint if the speed zone is less than or equal to one
mile
One spot for every 0.25 miles if the speed zone is greater than one mile
Additional locations if there is a major change in the driving environment
Location of spot-speed studies Avoid locations near intersections
Data collection time Avoid rush hour, weekends, holidays, and special events
Ideal weather
Number of vehicles At least 50 (preferably 100) free-flowing vehicles in each lane in each
direction OR
In low volume roads, at least 4 h of data
Initial speed limit based on 85th percentile speed
Mean speed
Upper limit of 10 mph pace
Test run speed
Adjusted speed limit 5%e10% or 5-mph to 10-mph reductions, based on the crash histories
Some adjustment for features that are not readily visible to prudent drivers
Adjusted speed limit criteria Should not be less than the average speed
Should not be less than the median speed
Should not be more than the critical speed (95th percentile speed)
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 352e363358those parameters, based on state DOT manuals, are provided
in Table 3.
Once the spot speed data is collected, prevailing speed
parameters of the vehicles should be calculated, including the
85th percentile speed, themean speed, themedian speed, and
the pace (upper limit of 10 mph pace). Along with the pre-
vailing speed limit, test-run speed is another speed parameter
considered by many state DOTs when the initial speed limit is
determined. A study conducted by the FHWA showed that
when the speed limit was set close to 85th percentile speed,
the frequency of crashes was lower (Stuster et al., 1998).
Survey results also show that the 85th percentile is the most
important factor influencing a speed zone setting up, based
on the opinions of state DOT traffic engineers, as shown in
Fig. 4. However, it may be necessary to test the validity of
the 85th percentile theory. Some state DOTs use objectiveFig. 4 e Average rating of the factors influencindecisions based on a set of guidelines when each of these
parameters is considered to determine the speed limits.
Other state DOTs leave it to the discretion of the traffic
engineers.
Although, it is widely believed by the traffic engineers that
crash frequency is not related to the speed limits, many state
DOTs do make recommendation to adjust the calculated
speed limit for crashes. In addition, state DOTs have set lower
speed limits based on public complaints and political pres-
sure. NDOT traffic engineers stated that, sometimes, speed
limits below the 85th percentile were set as a direct result of
these public complaints. DOT representatives from 13 out of
23 states said that reducing the speed limit based on requests
from the public did not solve the problem. One state DOT
representative commented “The action of reducing the speed
limit based on public request often results in an appeasementg the speed zones of rural state highways.
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indicate compliance or improved operational or safety con-
ditions.” This poses a serious question whether such speed
reductions based on complaints should be continued.
Although there is perceived safety in lowering the speed limit,
this is nothing more than a misconception (Institute of
Transportation Engineers, 2004). One DOT representative
mentioned that in that state, there were efforts to increase
the speed limit based on the 85th percentile speed because
historically, the speed limits were set to values lower than
the 85th percentile.
Various road and roadside environments that are readily
visible to prudent drivers e such as the number of lanes, the
presence of amedian, and highway alignmente should not be
taken into account for speed limit calculations. California
Vehicle Code 22358.5 e Downward speed zoning (California
Vehicle Code 22358.5, 2011) as well as the Alaska DOT
(Alaska Department of Transportation and Facilities, 2000)
both stated that such factors, if they were apparent to
prudent drivers, should not be the only reason to establish
speed zones with reduced speeds. The drivers already
realize those factors, and that is reflected in the prevailing
speed of their vehicles. However, if any road and roadside
environment is not readily visible e such as lane drops,
access points, presence or absence of sidewalks, or traffic
control devices e then those features should be considered
when the calculated speed limit is adjusted.
5.3. Phase 3: Transition-zone detailed design
Regarding design of transition zones, many speed zone
guidelines lack the details or links to relevant guidelines. The
FHWA's Manual of Uniform Traffic Control Devices does pro-
vide guidelines for placing sign posts (FHWA, 2012). Typically,
NDOT uses speed increments/decrements of 10mph. A higher
increment on a step up can be considered in a low-speed to
high-speed transition zone, according to one of the NDOT
traffic engineers. However, the values are arbitrary.
Therefore, studies should be conducted to identify the effect
of different speed increments or decrements on compliance
and crashes.
Compared to European countries, relatively less effort has
been made in the U.S. to study and use different forms of
transition zones to reduce speed limits. Guidelines from theTable 4 e Transition zone properties as practices by various st
Feature Criteria
Minimum length 0.5 mi
2 mi
Distance traveled in 25 s while
driving in the posted speed limit
Speed increment/
decrement
10e15 mph
10 mph (typical)
5, 10, and 15 mph
10 mph
Beginning location
of a speed zone
At least 0.2 mi from major signalized
at-grade intersections and 0.02 mi from
other at-grade intersections
At least 500 ft from the intersectionNational Cooperative Highway Research Program (NCHRP)
provide limited details for designing transition zones (Torbic
et al., 2012). Because studies vary from location to location,
studies should be conducted in the desired locations in
Nevada regarding the effect of various transition zone
details, such as the length of transition zones and traffic
calming devices. Table 4 presents some of the current
practices across different state DOTs regarding transition
zone properties.
5.4. Phase 4: Speed-zone approval
To approve an establishment of a new speed zone or update
the existing speed zone in NDOT, a well-documented report
for the site has to be submitted to the chief of the Traffic and
Operation Division of NDOT. Based on the review of existing
manuals, the following documentation should be included for
the approval:
 Photographs of the site, with a special focus on peculiar
conditions, if any
 Details of previous speed zones, if any
 Reasons for conducting a speed study, including com-
plaints or revision after a certain number of years
 Results of speed studies
 Specifications of new speed zones, such as speed limit(s),
as well as the starting point and ending point of each speed
limit
 Exceptions made with reasons stated
After the change in existing speed zone or new speed zone
is recommended by the Traffic and Operation Division, it is
approved by the Director of NDOT. NDOT traffic engineers are
satisfied with the current chain of command for approving
speed-zone changes.
5.5. Phase 5: Speed-limit enforcement
Speeding is one of the top 10 reasons of crashes, according to
the nationwide survey conducted in this study (Fig. 5). In
addition, 59% of the state DOT representatives perceived
speeding as a problem in their state highways. Studies have
shown that arbitrarily raising or lowering the speed limit
does not have much effect on vehicle speed. Any arbitraryate DOTs.
Source
Massachusetts Highway Department (2005)
Michigan Department of Transportation (2004)
Missouri Department of Transportation (2010)
Alaska Department of Transportation and Public Facilities (2000)
California Department of Transportation (2012)
Current NDOT practice
Alaska Department of Transportation and Public Facilities (2000)
Kentucky Transportation Cabinet (2012)
Georgia Department of Transportation (2012)
Connecticut Department of Transportation (2012)
Fig. 5 e Average rating of crash reasons by state DOT representatives.
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compliance to the speed limit. If the speed limit is to be
decreased, proper enforcement is required. In contrast, lack
of proper enforcement may increase the differential speed of
vehicles.
A European study found that differential speeds of vehicles
increased the possibility of crashes (European Road Safety
Observatory, 2007). The Alaska Department of
Transportation and Public Facilities (2000) recommended
that in order to make the speed limits more effective, the
reduction of the speed limit should be coupled with police
enforcement. Additionally, enforcement will make road
users aware of the changes in the speed limit, if any.
The effectiveness of various speed reduction techniques e
such as police enforcement, radar technologies, speed camera
technologies, dynamic-speed display system, and various
other traffic calming methods e have been studied by a
number of researchers. These studies have shown that police
enforcement has resulted in a consistency in the significant
decrease of vehicle speed as well as significant decrease in the
percentage of vehicles exceeding the speed limit as a result of
police enforcement (Armour, 1986; Benekohal et al., 1992;
Hauer et al., 1982; Stuster, 1995; Vaa, 1997). Further, repre-
sentatives from state DOTs indicated that police enforcement
was the most effective method for speed-limit compliance
(the highest rating of 4.2 out of 5), followed by installation of
proper speed zone sign posts, changing road characteristics,
and driver education (Fig. 6).
Studies regarding the effectiveness of speed-enforcement
cameras on the reduction of average speed and frequency of
crashes have shown various results. For example, Elvik (1997)
showed that the crashes decreased significantly when a
speed-enforcement camera (photo radar) was used. On the
other hand, Rogerson et al. (1994) found no significant
reduction in the average speed of vehicles or the crash
frequency. Other studies showed the effectiveness of using
drone radars to reduce the average speed of vehicles(Freedman et al., 1994). In terms of the average speed or the
85th percentile speed, studies showed a consistent and
significant effect when dynamic displays were used to
reduce speed (Arnold Jr. and Lantz Jr., 2007; Cruzado and
Donnell, 2009; Sandberg et al., 2006). The results of
comparison between some speed enforcement technologies
and methodologies are presented in Table 5.
To enforce the speed limits in Nevada, NDOT coordinates
with law-enforcing agencies whenever NDOT changes or
recommends changes in speed limits. If a speed limit is set
below the 85th percentile speed, then a commitment is
required from the law enforcement agency to enforce the
speed limit.
Although such enforcement methods as police enforce-
ment are effective methods to increase compliance to speed
limits, suchmethods are costly (Stuster, 1995). As such, traffic-
calming devices would be alternatives that are more
economical in the long run. Studies have found that various
traffic-calming devices e such as a removable pedestrian
island, pedestrian crossing devices, roundabouts, and
traverse pavement markings e are effective in decreasing
the average speed as well as increasing traffic compliance
(Kamyab et al., 2003; Torbic et al., 2012). A proper study in
the effectiveness of such traffic-calming devices in the
locations of interest should be conducted as an economical
alternative to other traffic enforcement methods. In
addition, the speed-zone guidelines should provide
guidelines regarding the use of these types of traffic calming
devices rather than just focusing on determining the speed
limit. Many state DOTs have prepared public-awareness
pamphlets about speeding, speed limits, and crashes. These
pamphlets could be followed by NDOT.
5.6. Phase 6: Follow-up study
The NDOT traffic engineers agreed that follow-up studies
should be conducted to assess the effectiveness of a new
Fig. 6 e Average rating of the factors to control speeding traffic on rural highways.
Table 5 e Comparison of speed enforcement technologies and methodologies.
Criteria for comparison Source Better technology Compared to
Detecting speeding vehicles
in heavy traffic
Blackburn et al. (1989) Cross-the-road radar Down-the-road-radar
Cost effectiveness to
reduce speeds
Bloch (1998) Display board without police Display board with police
presence, photo radar
Halo effect (speed limit
compliance for a longer
duration)
Shinar and Stiebel (1986) Moving police patrol vehicle Stationary police patrol vehicle
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 352e363 361speed zone or the changes in the speed zone, depending upon
each case. These studies should be conducted to measure the
short-term and long-term effects of the speed zone or its
modifications. Any changes in crash rates and severities
should be identified in the speed-distribution pattern. Anal-
ysis of the follow-up studies could be used to evaluate and
modify the guideline. However, the majority of traffic engi-
neers at NDOT that were surveyed thought that no follow-up
studies currently are being conducted to determine the effects
of a new speed zone in Nevada.6. Framework approval by NDOT traffic
engineers
The framework developed in this study was presented to
NDOT traffic engineering experts who will be the users of the
guideline. The experts noted that while many state DOTs had
parts of this framework, NDOT lacked the comprehensive
speed zone guidelines that could be developed based on the
proposed framework. During the presentation, they approved
the speed zone guideline framework. NDOT is planning to
distribute this framework to their traffic engineers, so thatthey can use it while setting the speed limit in towns along
rural highways. Researchers andNDOT traffic engineers noted
that the holistic six-phase-approach presented in this study
would aid them in establishing realistic speed zones, which
would reduce the public requests of speed limits reduction
and increase the compliance of the speed limits. Once a
guideline based on this framework is implemented, its effects
on a realistic speed zone setting up and crashes reduction can
be studied as an extension of the validation of the framework.7. Conclusions and recommendations
This study proposed a comprehensive framework of speed
zone guideline in six phases, as shown in Fig. 4, alongwith the
important aspects of each phase. Relevant studies and
manuals corresponding to each phases were presented in
this paper. In addition, alternative approaches used by
various state DOTs were presented for each phase to allow
NDOT to choose the best one that suits them. Finally,
arbitrary values adapted for establishing speed zones were
identified, and topics for future study were recommended.
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 352e363362Rather than relying on expensive police enforcement, a
realistic speed limit, public awareness, and the use of transi-
tion zone modifications are important to increase speed
compliance. A proper speed-zone manual should be devel-
oped in Nevada, using the framework provided in this study.
Once prepared, the manual can aid NDOT traffic engineers in
setting up speed zones with realistic speed limits. Further-
more, it could help defend against public requests to decrease
speed limits arbitrarily. The manual should be updated based
on follow-up studies of the speed zones as well as other new
and relevant studies. The findings of this study can be utilized
by other state DOTs and transportation agencies worldwide to
prepare speed zone manuals for their states.
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